Introduction
Linear, star, hyperbranched and dendritic poly(methylhydrosiloxanes), and also sphero(hydrosilicates) are important class of functional silicones. Poly(methylhydrosiloxanes) (PMHS) are inorganic-organic hybrid polymers with inorganic backbone, composed of alternatively connected silicon and oxygen atoms. Hydrogen atoms and methyl groups are typical substituents at silicon atoms in PMHS, however other organic groups may be attached to silicon atoms in their structures as well. PMHS are mostly colorless oils [1] [2] [3] [4] [5] [6] [7] [8] .
Syntheses of linear PMHS
Linear and cyclic PMHS are prepared by the following methods [1] [2] [3] 9] :
(1) hydrolytic copolycondensation of methyldichlorosilane (CH 3 )HSiCl 2 (MDS) with other chlorosilanes [2] [3] [4] [5] [10] [11] [12] [13] [14] [15] ;
(2) cationic polymerization and copolymerization of methylhydrocyclosiloxanes [(CH 3 )HSiO] n or their equilibration with linear siloxanes ; (3) heterocondensation of siloxanolates of alkali metals [39, 40] or siloxanediols [9, 41, 42] 6 Me(H)SiO (Me 2 SiO) 6 SiMe 3 *; enabled us to establish the regular microstructure of prepared PDMS-b-PMHS, which was confirmed by 1 H-and 29 Si-NMR studies [9, 49] . The microstructure of a siloxane chain of random PDMS-co-PMHS prepared by a hydrolytic polycondensation of appropriate chlorosilanes was also studied. It changes with decrease of the content of Si-H groups and increase of their molecular masses. The tacticity of PDMS-b-PMHS was originally analyzed by R.K. Harris et al. using 29 Si-NMR [22] SO 4 , carried out at temperature -78 °C, is stereospecific and leads to the isotactic PMHS and a small amount of the syndiotactic polysiloxane, but at higher temperature and within a longer reaction time only the atactic PMHS was formed. Similar results were obtained by M. Möller et al. [33] . The stereochemistry of the siloxane chain was thermodynamically controlled [33, 50] . The microstructure of PDMS-b-PMHS, obtained by the cationic co-polymerization of D 4 24 and symmetrical structure, using as monomers siloxane oligomers containing functional groups: Si-H, Si-Cl, Si-Br and Si-OH. As a result of many condensation reactions with participation of the last three kinds of functional groups the authors obtained a new liquid dendritic polysiloxane of the third generation, with 24 terminal functional Si-H groups "on the surface".
S. Zhao and S. Feng prepared PMHS in a form of branched resins, containing 10-14 Si-H functional groups in macromolecules, by the hydrolytic polycondensation of methyldichlorosilane with dimethyldichlorosilane, trimethylchlorosilane and methyl-(triethoxy)silane or phenyl(triethoxy)silane. These resins were used as crosslinking agents for addition cured silicone elastomers [84] .
Condensation of (triethoxy)silane HSi(OC 2 H 5 ) 3 , towards HCl solution, in the mix solvents THF/MIBK (MIBK = methylisobutyl ketone), gave soluble multifunctional poly(hydrogensilsesquioxanes) (PHSSQ) of combined cage-like and network-like structures [85] . A solid four-membered silsesquioxane ring compound (PhSiO 1.5 ) 8 (MeHSiO) 2 ("double-decker-shaped-silsesquioxane"), was prepared with 20 % yield from reaction of MeHSiCl 2 with a byproduct obtained via a condensation of phenyl(trimethoxy)silane with NaOH [86] . 9. oxidation or hydrolysis of side Si-H groups and consecutive crosslinking of preceramic polymers [127] [128] [129] [130] and hydrophobic finishes on textiles [2-5];
Applications of PMHS
10. reduction of organic compounds, e.g., alkenes [131] , aldehydes and ketones [132, 133] , nitrocompounds [133] or organic phosphorous esters [134, 135] .
PMHS are widely used as hydrophobic, antiadhesive, antifoaming, and crosslinking agents [1-6, 87, 88, 136-145] , components of dental composites [146] and cosmetic materials, considered as physiologically inert [147, 148] . Silicone compositions crosslinked with PMHS are most important antiadhesive materials for production of "silicone release coatings" on papers and parchments and are used as packages for sticky food and industrial articles [149] . Emulsions of the IPN type, composed of perfluroethylene and PMHS, exhibit very good antiadhesive properties and are successfully applied for a protection of building surfaces against undesirable graffiti inscriptions [111] . Polyaddition of fluoroalkenes to the Si-H bonds of PMHS gave high viscous oils, waxes and solids with very good surface properties and a low surface energy [112] . New modified polymeric materials were prepared by addition of PMHS to fullerene molecules and further crosslinking [150, 151] . Hydrosilylation of poly(lactic acid) [or poly(α-hydroxyacids) terminated with allyl groups] with α,ω-dihydro(polydimethylsiloxanes) M H 2 D n gave biodegradable multi-block copolymers [152] .
Hydrosilylation of allyl derivatives and olefins with PMHS, catalyzed by platinum complexes and Ru(CO) 12 , is useful method of the chemical modification of poly-(methylhydrosiloxanes)' properties [153, 154] [155, 156] .
(HMeSiO) 4 served as a core in the synthesis of styrenic and (meth)acrylic star polymers by atom transfer radical polymerization (ATRP) [157] . 4 , containing two kinds of functional groups, can be thermally self-cured, and the octafunctional derivative can be copolymerized with hydrosiloxanes (by hydrosilylation reaction) to give transparent organic-inorganic hybrid nanocomposites with good thermal stability (up to ≥400 °C in air) [161] . 5,11,14,17-tetra(hydrodimethylsiloxy)octaphenylcyclooctasilsesquioxane (double-decker type) which was synthesized similarly as (PhSiO 1.5 ) 8 (MeHSiO) 2 [from an appropriate tetra(sodiosilanolate) precursor and chlorodimethylsilane in THF] was used as a rigid siloxane core for a preparation of liquid crystalline solid material [90] and semiaromatic polyimides containing silsesquioxane moieties in a main chain [162] 4 , and a multifunctional hydride Q resin were also used for the same purpose [90] .
More detailed overview on synthetic methods of linear and highly branched PMHS, and also densely crosslinked hybrid materials will be presented in a forthcoming paper [163] .
In the present paper we report results of our studies on preparation of new highly branched and random PMHS containing triple branching units MeSiO 1.5 or/and HSiO 1.5 , linear building units: both Me 2 SiO and MeHSiO units or only MeHSiO mers, and trimethylsiloxy end groups Me 3 SiO 1.5 . They are very useful in our current studies, as crosslinking agents for silicone elastomers and as modifiers of organic polymers properties.
Results and discussion

Synthesis of random branched poly(methylhydrosiloxanes)
New liquid poly(methylhydrosiloxanes) of highly branched and random structures (b-r-PMHS) of the general formulas [164] [165] [166] [167] [168] [169] Different molar ratios of chlorosilanes were used, depending on molecular formula of polysiloxane. Quantities of substrates, addition times of chlorosilanes to water (or water to chlorosilanes) are summarized in the Tables 3 and 5 . In hydrolytic polycondensation reactions such amounts of distilled water were used, which were sufficient for hydrolysis of chlorosilanes and formation of solutions of hydrochloric acid with concentration ~20 wt. 22 of the regular and symmetrical structure [83] .
Most of the samples of branched copolysiloxanes PDMS-co-PMHS, which were not additionally terminated with Me 3 SiCl showed after few months of storage a slight increase of their viscosity and appearance of very small drops of water, apparently as a result of homocondensation reactions of Si-OH groups. Weak absorption bands of Si-OH groups at 3300-3500 cm -1 were present in their FTIR spectra. Thus, in the cases of syntheses of hyperbranched poly(dimethyl-co-methylhydro)siloxanes of the general formula: 29 Si-NMR spectra of branched random PMHS were present signals of silicon atoms corresponding to linear mers: (CH 3 ) 2 SiO 2 -at δ from -16.5 to -22 ppm, CH 3 (H)SiO -at δ from -33.5 to -38 ppm, and terminal groups (CH 3 ) 3 SiO 1/2 -at δ from 7 to 10 ppm, and also signals belonging to the branching units: CH 3 SiO 3/2 -at δ from -63 to -68 ppm or (and) HSiO 3/2 -at δ from -83 to -85 ppm. The microstructure of the siloxane chain was studied by 29 Si-NMR and it was relatively simple for b-r-PMHS containing only M, D H , and T units (Fig. 3) . The microstructure of the siloxane chain of prepared b-r-PDMS-co-PMHS was even more complex, than it was previously observed for linear random PMHS [9, 49] , because of the presence of many random sequences (at least 93, see Tab In all FTIR spectra of branched PMHS were present absorption bands at ~2160 cm -1 , corresponding to the Si-H stretching vibrations, and also absorption bands characteristic for other groups of atoms: Si-CH 3 Dynamic viscosities (η 25 ) of b-r-PMHS were very low and usually ranged from ~8 to 30 cP (most often values of η 25 were close to 10 cP), except of the product of synthesis no. 7 (Tab. 4), which was carried out with reverse order of addition of substrates. In two cases (expts. 7 and 13, Tab. 4) much higher values of molecular masses, than expected, were determined. The observed polydispersities of molar masses of the most b-r-PMHS were in the range 2.2-2.4, but were much higher for The correctness of chemical structures of prepared b-r-PMHS was confirmed by a very satisfactory elemental analysis data which were obtained for all products.
All branched PMHS are currently used for crosslinking of silicone elastomers and rubbers, for a preparation of silicone release coatings on papers, and for modification of organic polymers.
Conclusions
Fourteen new liquid PMHS of hyperbranched and random structures have been prepared by the hydrolytic polycondensation of appropriate chlorosilanes in diethyl ether medium. Volatile linear and cyclic oligomers were removed by a vacuum distillation at ~125 or ~150 °C, and yields of products ranged from 57 to 84 wt. %.
All polysiloxanes were fully characterized by spectroscopic methods (FTIR, 1 H-and 29 Si-NMR), elementary analysis, size exclusion chromatography and viscosity measurements. Their structures were consistent with molecular formulas based on compositions of monomers, although for most products their molecular masses were lower than expected. 
Solvents
Diethyl ether was stored over anhydrous KOH and distilled from CaH 2 . Petroleum ether was refined with concentrated H 2 SO 4 , acid layer was removed, the solvent was filtered through a layer of anhydrous NaHCO 3 (placed in a sintered funnel G-3), and fractionally distilled from CaH 2 (b.p. 40-60 °C).
Synthesis of branched polymethylhydrosiloxanes
Ether solutions of monomers were added dropwise, at temperature -10 to 0 c C, to a mixture of water and a small volume of ether, which were placed in a four neck round-bottom flask and continuously stirred with a KPG mechanical stirrer within 75 min. to 4 h, depending on the scale of syntheses. Alternatively (in syntheses of o C. The layer of HCl solution was separated in a separation funnel, and an organosilicon layer was washed few times with distlilled water until neutral, transferred to Erlenmeyer flask and dried with anhydrous magnesium sulfate overnight. MgSO 4 was filtered off through a sintered funnel G-3 and washed with ether. In some cases, instead of drying with MgSO 4 , traces of water were removed from products by freezing overnight in a refrigerator, warming up to room temperature, and decanting products solution from a drop of water. Ether was distilled off through a Vigreux column and low molecular weights cyclic and linear oligosiloxanes were removed by a vacuum distillation at 125-156 °C/2-4 mm Hg. Yields of b-r-PMHS ranged from 57 to 84 %. In syntheses of branched poly(dimethyl-co-methylhydro)siloxanes containing both D and D H units evacuation of products was performed twice: after a first step and after a second step of syntheses.
Additional termination reactions of silanol groups were carried out at ambient temperature. New portions of Me 3 SiCl used for "extra blocking" reactions were added dropwise to previously dried and stirred ether solutions of b-r-PMHS, containing Et 3 N [with 5 % excess with respect to the stoichiometric amount of the amine) and (4-dimethylamine) pyridine]. An applied ratio: [Et 3 N]/[DMAP] was 10 : 1. Then precipitates of amine hydrochlorides were dissolved in diluted solutions of hydrochloric acid (5-10 wt. %). Water layers were discarded. The solution of main products was washed with portions of distilled water until neutral and it was dried with anhydrous MgSO 4 , and filtered off the next day. Ether was distilled off and final products were evacuated at temperature 125-150 °C (Tab. 6). 
Methods of product analysis
All products were analyzed by a nuclear magnetic resonance (NMR), infrared spectroscopy (FTIR) and gel chromatography (SEC). 1 H-NMR and 29 Si-NMR (INEPT) spectra were recorded on Bruker DRX 500 machine at CBMM PAN in Łódź. Hexamethyldisiloxane Me 3 SiOSiMe 3 was used as an external standard in 29 Si-NMR (δ = 6.98 ppm, in CDCl 3 ). FTIR spectra (neat) were done on spectrophotometer IR Bio-Rad 175 C for samples placed between NaCI plates.
Elementary analysis (% C and % H, Tab. 6) was performed at the Centre of Molecular and Macromolecular Studies of the Polish Academy of Sciences in Łódź (CBMM PAN). The content of Si-H groups was calculated from integration of their signals and CH 3 signals in 1 H-NMR spectra, and compared to theoretical integration ratios of Si-H and CH 3 signals. The content of Si was determined by the "wet method" with H 2 SO 4 (p.a.) [174] .
The molecular masses and molecular mass distribution of polymers were analyzed by size exclusion chromatography (SEC) in toluene solution, using LDC analytical chromatograph equipped with refractoMonitor and a battery of two phenogel columns covering the MW range 10 2 -10 5 g·mol -1 . Calibration was made with polystyrene standards. Dynamic viscosities (η
25
) of polysiloxanes were measured at 25.0 °C in Brookfield cone-plate reoviscometer HBDV-II+cP with a cone cP40 (Tab. 6). 
Tab
